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1 (^i)'5V^(iCr, Si) «tfe*Q;S1-5i<i:tCj;oX, Al (fcSV^^iC^. S 

15 i ) ^w^^-^i^d^ hti^ mmm-k^m 2 0 ^m^-t^o 

(3) ^illi:^*o#(Cj:6^»fi)t 

^tLlCcf^, ^(D^mX't. i^JRS«-i oo^ffi^::^l2:t^[^•<yirffl^^^)li5^«lfi£i- 
S^!^:t^[/^yirSl 8;d5?f^fi£$ti5;ei\ J:t)0^L<(±. *o^^<^i^MS*tl OSf 

1 2 0 oTO±<^M^'^'fc6^^^i^stt#laM'^'^cio^^xll?i^^!!Si-5r ,tx% ^js 

t[z:tfe^-<i)-tH 8(^S®(C, Ni (fcavSiFe, Co) &t>*A 1 
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wo 200S/06868S PCT/JP200S/000734 

16 

u±.(D (1) ~ (3) <D:^mn. Mmi:^t'co:^m^^mLxh^^\ m^if. 

(fcsv^fic r , s i ) t^^^m^^hti:6immmF^'^^M 2 0 
-oxr^mLxh^w :i^h(D:)smix ^mmti oom^. ^ucoj^vt. =1;^ h 

^m&U t LXN i ^■^^ (CMSX-4) (DmBW^}i^^\'^f^o -^JlStt 
e-N i-a-^«?)o#?g>£r;BV^r. 0. 1 A/cm = (Dm»SMT'3 0:5i-rH^<Z)R e -N 

i^-^i^^^^n^tzo torn. rm<Dmmf&(OTy^=-TB^^ymm\^^^N 

^i6o#*tTo;rc, L7J^§^> ^®^>ft^> 1 3 00°C. 1 0"^ P a (^^sgcf (^-c 1 

/cm^(DWM^S[X6 OM<DN i tb^^^n^tzm. N i A 1 .bA 1 aOgt^iii 

^if^^^x\ 9 0 O'er- 5 mm<DA 1 mwcimt:m ufc. 

R e -N i -^^4?)o$?g 

20 • fiiit^:^ .y y /l' : 0 . 1 m o 1 / L 
. ^a:^^ : 0. 1 mo 1 / L 

• pH=8 (ry^^TTKT'P^) 

• mU : 5 0°C 

N i -W^^»i)o#?S 
25 • h y : 0. 2mol/L 

• •JSit^^S/'i^/^ : 0. Imol/L 
- : 0. 4mo 1 /L 

■ ■ 

•pH=6 (r y^^TTKT'pS) 
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• mtfi : 7 0 °C 

Wi^^^'r-^ji^Wzm-r. 'r--f/\^l^(0 (1) ~ (5) {±. m2^(0 (1) ~ 

(5) t^^nm^^t?-r-5o 

5 T'/n 





(1) 


(2) 


(3) 


(4) 


(5) 


Re 


0, 0 


0. 0 


42. 0 


1. 2 


1. 0 


Ni 


56. 0 


55. 5 


15. 0 


64. 0 


64. 2 


Cr 


1. 0 


1. 1 


3. 0 


7. 0 


7. 2 


> Co 


3. 0 


4. 0 


3. 0 


9 , 0 


9. 0 


W 


0. 0 


0. 0 


36. 0 


2. 2 


2. 1 


Mo 


0, 0 


0. 0 


1. 0 


. 0: 4 


0. 4 


Ta 


0. 0 


0. 0 


0. 0 


2. 2 


2. 2 


Al 


40. 0 


39. 4 


0. 0 


12. 7 


12. 5 


Ti 


0. 0 


0. 0 


0. 0 


1. 3 


1. 4 


0 


0. 0 


0. 0 


0. 0 


0. 0 


0. 0 




100, 0 


100. 0 


100. 0 


100. 0 


100. 0 



m 2 \L7f^-tX. 9 ^MStf (N i S-g-^W) 1 0 a (Dm^\L, 4 2J!^-"F%R 
e - 3 6 J!ii^%W-a-^® (Mt-^%-f ON i , C o , C r . Mo^^ts) 7!i^b^l 

10 1 -^^^m mmzWL%(D c o , c r ^^ip) h fa^^^stmrn-h^ 2 0 a 

L■rV^/^^^o StC, ^MSttl 0 a q3(^c r jiSti. ^JiSttl 0 a C^^gjfiif "C 
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^(o (1) ~ (6) (4, Eia^^t^ (1) ~ (6) \-L^h.^ic\.nm-^^ 





(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Re 


0. 0 


0. 0 


0. 0 


42. 2 


1. 1 


1. 0 


Ni 


0. 0 


56. 4 


56. 0 


13. 5 


63. 8 


64. 2 


Cr 


0. 0 


1. 1 


1. 0 


2. 0 


7. 1 


7. 2 


Co 


0. 0 


4. 0 


4. 5 


4. 4 


9. 2 


9. 0 


W 


0, 0 


0, 0 


0. 1 


37. 0 


2. 2 


2. 1 


Mo 


0. 0 


0. 0 


0. 0 


0. 9 


0. 4 


0. 4 


Ta 


0. 0 


0. 0 


0. O 


0. 0 


2. 2 


2, 2 


Al 


40. 2 


38. 5 


38. 4 


0, 0 


12. 7 


12. 5 


Ti 


0, 0 


0. 0 


0. 0 


0. O 


1. 3 


1. 4 


0 


59. 8 


0. 0 


0. 0 


0. 0 . 


0. 0 


0, 0 


a" If 


100. 0 


100. 0 


100. 0 


100. 0 


100. 0 


100. 0 



}\^%'r&M (A 1 2O3) 2 2 a;iS^SUfCo (D^^^-mi^'kM (A 1 

W^i^^) 2 0 a<z)A 1 ^S(i*v)3 8. 511^%^. ^ ^\L^(0%-f(n>m</^^) ir 

ji 1 8 a (4^il:HU<h|5]C*tl4 2. 2m^%R e - 3 7. Oj^i^%W^^l (M« 
%-foNi, Co, Cr, Mo^^tf) iS^^^^UTV^fCo -etT. ^MSttlOa 

^cN i &U<C r f)\ ^jt;^X'f4J^-^i^'>-r5M(p]l-*5S ;i i T'fo-So 0 s 11 

5 CCirVN^^MTXii. c r , N i ;'.^^^^%^^fc^>oJ: 19 ^jcKfi^jt^R 

15 ^:d^So fc, C r {4. ttm^^y -\r® l 8 a -CfcSR e -W-g-t&M;6^^, tpU6# 

<itmM> 
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^m&^t L-cN i (cMsx-4) (Dmmmtm^t^^^'tzo ±mmu 
m^)i) <^M^s i c # 2 4 0 T'M ufcm. MUT;o^bW^bfc„ 3fe-r> 

0^MORe--N i -g^^^o t ^ftofc^ ^c^f^. TO^i-i^C r +A 1 2O3 
5 107154' {CffiSLT> 1100°C> 1 0-3p a(^^E^'f'lCjoVNT5B$rBl<^^^S^fT 

-C6 0:J>Fp1<DN i feo^^lrfTofc^, N i A 1 A 1 aOgJ^jl-a-ilS&^^'x 9 0 0°C 

T' 5 ptrB^<^A 1 imim^m ufco 

if ^^R e -N i -a-^4?)o#?^ 
10 • iglx:^f>A^^;d->' : 0. 1~8. Omol/L 

• N iW;i-:/<^^fl: : 0. 0 0 5~2. Omol/L 
•Cr (m) : 0 . 1~4. Omol/L 

• L i ^;t:/S.D^/^fcfiNa^;^>'<D^l:: 0. 000 1~5. Omol/L 

15 • pH=0~8 

10~8 0t . 

ISmSrx-://W3JC^-ro x-://U3(fO (1) ~ (5) tt. 04't>(D (1) ~ (5) 

20 r— y/ws 





(1) 


(2) 


(3) 


(4) 


(5) 


Re 


0. 0 


0. 0 


40. 0 


1. 2 


1. 0 


Ni 


52. 5 


51. 6 


17. 0 


65. 9 


64. 2 


Cr 


4. 5 


5. 0 


40. 0 


6. 0 


7. 2 


Co 


3. 0 


4. 0 


3. 0 


9. 0 


9. 0 


W 


0. 0 


0. 0 


0. 0 


1. 8 


2. 1 


Mo 


0. 0 


0, 0 


0. 0 


0. 3 


0. 4 


Ta 


0. 0 


0. 0 


0. 0 


2. 0 


2. 2 


Al 


40. 0 


39. 4 


0. 0 


12. 5 


12. 5 


Ti 


0. 0 


0. 0 


0. 0 


1. 3 


1. 4 


0 


0. 0 


0. 0 


0. 0 


0. 0 


0. 0 


C3 dT 


100. 0 


100. 0 


100. 0 


100. 0 


100. 0 
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HI 4 KTjk-tx 0 ^mM^ (N i s-a-^stt) 1 0 b (D^m^. 4 oWs=^%r 

e - 4 QB^%C r - 1 7m^^%N i (Mt-»<^C o Sr-^tf) 

t£tfc/^ y ir/i 1 8 b r«ftSc/^yi'll 8 b(D^ffi(r, Ni-3 9.4JKi^% 

A 1 ^W^ifel mmm%(OCo, C r ^J^b/^SteMM-^^^ 2 0 

5 bj!»s^*tw?FM^tiTv^§. 'kmmsi 0 b^Riji^fiA 1 ^i?&i^*2;«itLTv^ 

^^v^;5\ 0 bicjoft^tAic^^y-^si 8 biia^(^c rWi&t^. ^mwi 

1 0 b (O^yv'^ t tiM UT^ "^-^WP LTV ^S ;i i: ;65;5^/ii>-5o 
10 '^'(^ (1) ~ (6) H> |§|5f© (1) ~ (6) Jc^n-etl^tJE&fSo 





(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Re 


0. 0 


0. 0 


0. 0 


38. 0 


1. 1 


1. 0 


Ni 


0. 0 


54. 4 


54. 0 


16. 4 


65. 1 


63. 2 


Cr 


0. 0 


5. 1 


5. 4 


41. 0 


5. 0 


7. 2 


Co 


0. 0 


4. 0 


4. 5 


4. 6 


9. 2 


9. 0 


W 


0. 0 


0. 0 


0. 1 


0. 0 


2. 0 


2. 1 


Mo 


0. 0 


0. 0 


0. 0 


0. 0 


0. 4 


0. 4 


Ta 


0. 0 


0. 0 


0. 0 


0. 0 


2. 2 


2. 2 


Al 


40. 0 


36. 5 


36. 0 


0. 0 


13. 7 


13. 5 


Ti 


0. 0 


0. 0 


0, 0 


0. 0 


1. 3 


1. 4 


0 


60, 0 


0. 0 


0. 0 


0. 0 


0. 0 


0. 0 




100. 0 


100. 0 


100. 0 


100. 0 


100. 0 


100. 0 



m 5 {z^-rx 0 ^Wiwrnrn'^^m 20b (ommz.\-t. m 3 \L7f^ \^fzmw\ t 

15 |5l^l::> ic5:j5'P>Oll$(^T/i-$-:^^ji^ (A 1 2O3) 2 2 b;5S;j^ft tTV^5o U 

* 

36> L. 0 3 ktt^ Lfcii >9 . mmmx'kt. mm^m^^m (a i ti^-Bt^m) 2 0 

a (OA 1 ^ttt>3 8. 4-3 8. 5Ei^%-Cfcofc(^lC^ L, Z.(D\tW\ 
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(D^m^M^a^M (A 1 ^W^^S) 2 0 b(c:joV\T{i. 3 5. 0~3 5. 5J1^ 
5 Jii±(^<t9(-s R e -C r -N i ^-a^^^i^fj/i^tfetSc^-^y -Ir® 1 8 b-efcoT 

1 1 5 ot:^c*3v^Tl!£t5:/■^y -ti^tt^is^-r^^is^ tsfc^-^y ir® 1 8 a icTt- 

oomm^z^ msiiy<v^m-^^&m^mm-r^^m^<v^m (Re-w (m) -a-^ 

i-Al (X) ^^ii (X = Zr. Y, Si) ;i^b/j:5tei{cS@ffl^^e 2 0 ^3 

m 8 AiiZTjki- J: 0 i^. teiJ:/^ y irii 1 8 coMfc, Ni (Cr) ^4tm 

2 6 tr^4e)?^fi£ LT*3 < w i: -C\ jgj 8 B J; 9 J^is fetJc^-^ y -t® 1 8 <Z)«E{i. 
^?iJx.(iN i (Cr).-Al (X) -a'i^l;{i^P>/^Smjt^ffi-a':^l2 8;^3-r^ 

25 iii9(i. «5g(^ftii(^^jsw?f^ii<^M^^y-tffl-a'^^ii^$rw-r^iiME^fist/r 

^T^-to :L<Dmn. N i S^^^(7)^JSStt 1 0<D^m^s R e ^^S!($-ti:fcR e 
5^tfc®3 0. &«fe/^y-\'S (Re-w (M) -^^^ii) 18. &XPNi:^^Wl.^'ttcV^ 
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^Ji (x = zr. Y, Si) ;6^b?^^5tei!cMffl^^®2 0^3-T^^iJ^■LTv^ 

m^y irii 1 8 irra^ii^^^^ii 2 0 i:(Dmiz.w^mm 3 2 -^^timi^h^^ 

5 -^m" Sr#-^-r S i: X% ^JiStt l 0 1 fcic/^ y i 8 <!: <Dm. RXJ^iimi.y< 

r OR e 3 0 (i. Mx.iim.^r> 0 . 1 ~ 2 0 At mOR e 3|t^Sr. i^lStbT* 

10-80 %:i^S!c$-ltfc:. I?$1~100m m<DMX'h ^ . W^^fC® 3 2 (i, •fi^ijx. 
10 « 1 ~ 2 O M m(DWl&.^^. ii^^itX 2 O 8 O %^^^'±tz^ )?$10~100 
fj. m(DMX'h^o 

:L(DRe i^mm 3 O . iLWn^^ V^MlS RXm^mm 3 2 «?ijx.{f R e i!)mm 
^ (2 5~4 0JIi^%) (7)|gl (^Re-N i-g-^feot, R e (6 5~9 

Ol^i^%) (D^2(DRe-N i-a-^A^)o#^li;«)^fTofc^, W-Ni^^A?)o#, 
15 N i 4?)o^, W-N i -g^^*o#<^|lii5^ff>feV\ $ (b^C^^m^t^-t^itX^S^X 

If^^iU 0 0~4 0 Oiumc^ir^^ ix^;<.ji2 4«fifeLTt)J;V\ J; 19 . 

y -vffl^^^Kfl^^flifiJci-stfitic/^ y (Re -w (m) ^^^) i s sr^ 

9^iJ;i{i'P VDT'O. 5-3 0 Mm(Z);?$T=i-X^ :La:>^^/^]) i S 
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Pfldi^^itfc^. m^itC o N i C r A 1 Y^^^^h^l^M-k^^B 3 
4^. 0~4 0 0 jum(^i?$X'3~X^ '^^'VX^^^o 

5 tfij;tfi/?$;d5l 00--400 iim<D±7^y^^m24^B^LX'^i:\/\ 

tjj:w^y<v^m^^&m^m^i-^ijmy<v^m (Re-w (M) ^^m) is^. 

oN i C r A 1 Y^±^>bti:^W\m^d8 ^> ;^lt?£^-C 3 0~4 0 0 mhiCOI? 

Tj^-fo 121 1 4 0*111 1 5 jC7j^i-7-f ^u:^^^- \i'ym^m7-( i-4 0 xnmnm 

^yX/U4 2;65, Ell et^Tj^-t-^-T:^ p;</^^-t'>'/X;U4 4Tii^i^;</^2iA 

25 P4 6;5^ F]m:^i^\^^r^mx^^Hi-fhtLX\^^^o i^tz. eii 71^:71^-1-31^?^)/- 

m-tfi, -7^j^D;(/^i$'-tV^ji^7-r-?-4 0tc:feoX{iMi!ftlt/XyU4 2 
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w (M) -a-^ji) 1 8 ^(D^m^i^-^immx-mf^ir s <t 5 t-c v ^ s„ 

-7^i:7D;(;;^^-fVyX/U4 4tCfeoTfi. El 1 9 J; 5 IC, -r^^aif 
— tfyyXVU4 4(7)Mi^;if;^#AP4 6f^tC7y-K5 6^M$-tt> StjaifcO 
15 mtmmmi^. &o#?^m^i^5 8d=»b*o#?K5 4W^^;(/y^#AP4 6Jc:|S] 

^(ommwcommi^. meic^i-mky^v-^m (Re-w (m) -a-iks) is^ 

^ — t'^y Xyk4 4^N i S-g-^/Ny^ x P ^ X (N i - 2 2%C r - 1 9%F e- 

25 9%Mo~o. i%c) mtLx\f^'^:dK i^(Dm&Uizh. mm(o:^mx\ M 
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25 

Lx^m^f^'mt^"^. tyd^sms N i ;^ h7-r:^i?)otri:^ m^i^. m> i o 

0~5 0 0mA/cm2(Z)||fiS^^X'0. 5 ~ 5 ^^^HJfe-f'So -tt^fi. Re-N 
ifto#SrJi6-fo Re -N i fto^{i. ReO^SrO. 0 2~0. 2mo 

1 /L, N i SO4<S:0. 02~0. 2mo 1 /L, C r C 1 3^ 0. 1~0. 5m 
5 o 1/L, ^J^>ie^O. 1~0. 5mo 1 /L, -Ir y :<^S:0. 5-1. 5mo 1 
/L. pH^«i{t^T*2~4lCpSt-tfc:4e)o#?S^>ffiV\ s!)o#^j^(i, 4 0~6 
0'C> 1 0~1 5 OmA/cm^-ei 0~6 O^W^LX^^^o 

^Jfe-fo N i -Wfco^fi, N i SO.i^O. 0 5~0. 2 m o 1 /L, N a WO. 
10 5:0. 1~0. 4mol/L. iJ'J^ySfSrO. 1~0. 8mol/L> vH^T^ 

~1 5 OmA/cm^T'. 1 0~6 O:5^PBl>0^iitXV^'5o 

!7y hj!&T'N i'4i)o$^J|i-„ N i !7 5/ hj!^T'(7)N i i^o^^^i, 4 0~6 Ot), 
15 5~5 0mA/cm'^-C-5~l 2 05^FBl;i5gV\ 

— ii(Dfeo#f^, 1 0 " ^ P a (7)*^T. 1 2 0 0~1 3 5 0°CT'1~2 O^W 

Mai-<5o :i<^^^mi. *^2 o%(Z)C r ^•^Wtfc^^^xox1' xM<^W<Srfflv^yt 

iiS|BW<^l^lHS (M) f-x la 6 fCTj^-ftetfe''-^ y (Re-W (M) ^^m) 18 

0. 5~3 OiunKT^If^T'ili-MfiKi-S-t;^^^^^, rw&fcAy-tSi 

8H. 3EtCr^M*^;i>^f34£ili:UfcX (=Cr> Ni, Fe. Mo) $r««%^ 
25 tf r «6^f-. R e 3 Ol^,i^%Jii±. W$: 2 OW>^%]^±.-^htiR 

e-W (M) -^^Tfeao 

*!>o#, ioj;t/0. 0 l~5Mfi:%Z r "-"^^^^^^^-fr^cN i 17 y h^gf^WN i 4?) 



I 
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o#l:3ii-o rtllCj:oT> 0. 0 1~0. 5J^^^%Z r ^^^^fc:N i fco#Ji^ 
M^U t^O^-S^. A 1 »*Q;S^ife1-o Z r^'^^mm^'ttcN i !7 y h^St'T'O 
N i ^ot^^:)!? 0. 0 umOm.'^OZTnM. fc-5V^fiN i Z r -g- 

Z r S i 2]^7l^, Y©*^<^ 0 . 1-1. i^yhm'P 
5 ■e<?5^tfe4?)o#^]lifeUT'bJ:V\ ^(^^^. i6ot^ir, 8 0 0~9 0 CCT'l- 
2 0W. 9 0 0~1 0 0 CC-ei-l OB^FbI 1 0 0 0~1 2 0 01CT'1~1 0 

mm(D3m^Mm^ttr^tx*N i (x) g (x=zr, s i, y) »fifeu 

A 1 J£tSc^a;Sfix 0iJ;iiiA l+A 1 2O3 + NH4C m-a-^'^^x 10-' Pa CD 
10 M^T. 8 0 0-1 1 0 0X:-C1 0^^1~5^rafT5o AI+AI2O3 + NH4C 
1 Zl'^l&*<7)imj5fefi, MAitX\ A 1 aOg/A 1 1 {i;±, NH4C 1 {i^($:(7D0. 
l-10%<b1--5o SStoS<?5f^*3l3iC, ?F?&tt#ffl^ («Rj^{iAr) AQ-Si: LT 
t>av\ A 1 "9 iC, MA 1 ii)o#^Jifetrt>^V\ ^SliAlfto 

t^fi. ^fij;t{i*7 0 0-9 0 O^O^iijA 1 J?)o#?g(c:, ^fP$tSr 1 O^^ffl- 5B#5ag 
15 IS$-^XtT5o 

ti±.<^ii@^^'5 i i: -C\ meic^i", feStfe^^Uirji (Re-W (M) ^^®) 
18i:Ni-Al (X) (X = Zr, Y, Si) 

^iMMy X/U4 2^OjaM<^Mic*&-i-JF0J5)c-tS r i: j6>T'# 5o ro^-r 
^Uioo-120 o°C(-jtLTt>. 10 0 o^mMMc-^mtim'c^U-fi^^^-i 

2<oM{-> 7k;^?l^*^)o^(cJ;oT^ ll8A^t>*8B7i^1-TO/<y^r® (Re-W 
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5 ^ n:)S:^^'-\fymn6 2^m£i-^^^Si1i^h. T/- K7 0 i:M^^7 6Sr 

?i:ib\ :i(r>mx^\t. W ^ P:*f;^^-f>S(l||6 2 <I:N i S^^Ma r -M2 4 
7 (N i -8%C r - 1 0%C o-5%A 1-1 0%W-T a -T i ) LTV^ 

^ffite^b^-fr. L/i^-Sm. C r J?)o#^JS1-„ Cri?)ot{i, Cr (IE) mK. 
{i^CrClg^O. 1~0. 5mo 1 /L^ HCOOHSrO. 1~1. 5mo 1 
20 /L, H3BO3<£r0. 1~1. Smo 1 /L. .NH4C 1 iSrO. 1~1. 5mo 1 
/L. KBriSrO. 0 5-0. 3mo l/L. p HMi^T 2 ~ 4 S:>fflV\ 
mtlts^M.-^S ox:, 5 0~1.5 OmA/cm^T-l 5~6 OM^^o C r (IH) 
mOiXio^i:!, Cr (VI) ?S (f— v=^>'h?S) ^fflV^Tt>ct^/^ Cr (VI) 

^^h. N i ;^ 1 0 0~5 0 OmA/cm='(^M^^^T♦ 

0. d-^d^m^Mi-^o N i ;^ hy-^'^i'i^ot^, 40-6 0^:. 10~15 0 
mA/cm='T'l 0~6 O^J-FbI^ R e -N i 4^>o^^Jli-„ Re-Ni-g-^fcot 
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(D^WX^MLXlf)^(b, N i -W4^)o#iS:JS1-o N i -W*o#^i4^{i> 5 0~8 0 

ft 

t:, 2 0~1 5 OmA/cm^X*. 1 0~6 05^ra^^^iUTV^5o N i -W-g^^fefe 

h?SX'N i fco^^JfS-fo N i I7y h^gTON i ib^^^Wii. 4 0~6 0°C^ 
5~5 OmA/cm^'-eS'-l 2 0:J^W^V\ 17';/ hIStCiSN i 
0. 0 l~5Si:%Z r '' + i^^^i?$^fcN i 17 5/ ^?&^ffiV^-CtJa<. ^O®^, 
^xE-rSA lfcMSi::*3V^T. Zr (Z rOClg, Z r C 1 4,. Y, YC 1 3?^^ 

10 if) ^m^^Lti:<th&i\'\ 

— ii(^i?)o#^, 10"^Pa<^S^T, 1 2 0 0~1 3 5 0°CT'1~2 OB^Hi^fi 
^mrt^. ^(D^.. N i -C r^^^fcfiC r i;v A 1 zO^O^M^mM^ iW-Wt 

^)sxumiM^m'r:itx\ msAiZTv^-r, ra/^yir®i8<t:Ni (cr) ^ 

•tom. A 1 +A 1 2O3 + NH4C 1 +Z rm-^K^^'P. 1 aO^^T. 
8 0 0~1 1 0 O'er'! 0^Fp1~5B#Fb^cdA I teMS^Srfirp, A 1 +A 1 2O3 

+NH4C I + z T M'^'BMom^ix MA}tx\ A 1 2O3/A 1 7!>nu±. NH4 

20 CI i: Z r n't^'en^i^O O. l~10%i:1-5o *^i!!i3l<^ftt? 13 

ffi^ («^!|;i{iAr) iOiSi: t-Ctfi:<. *fc. Z r (^^^?t) ICZ r OC 1 2, Zr 
CI 4. Y, YC 1 3/'^if^ffiV^Tt>^V\ 

u±(Oj§im^m^:itx\ msBKTf^i-^ mk^<})^mi 8 tN i (cr) -a 

25 i5'p;^;^i?~fc*yll)m6 2^<7?^ffi{^i^-M-t5;ii:/55-etSo rOa-f'^V 

y^^isfi^d^ iioo~i2o o'cicijtLxtj, 10 0 ommu±^^&>)^j:mt 
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HiMtrEi 2 3 ;{f;^^-ii'yf^M^ia2 4tc^nm^i-o tfz. ^mmtmm 

8 6 .t^^S 8^W-r'5~S#it{cUT*J'9> SV^tCfi/^ -g-o/crtt§5 8 6 <D^j^ 
®i:^t^8 8 0l^j^®lC"b^-?^.^pjtjii:6^l?5i?$ti5o El2 5ROT2 6lc^ 

1 o&««!c^iiffl-a-^® 2 0 i:^?ic5M3S^ic^W-r5i£t!f/<y -VJi i s (Z) 



20 r r T'fis N i M-S-ife (N i - 6 %C r - 5 %A 1 - 6 %W- 9 %C o - 6 % 

T a - 3 %R e ) ®!(^;;(/;^ ^ - t ^ffljH 8 0 Lfc«?iJ^7]^-t;65, ;^ iJ' - 

N i h7'l';{'46o#i^, 1 0 0~5 0 OmA/cm^'omMS 

-CO. 5~55^FHmJfeU -e©^, N i -Wfco#<Sr3ifei-e N i -W*o#^{4=fi, 
±iE^ii0'JiP]i:N i -W-a•^ftot^^&^fflV^X. 5 0~8 0°C. 2 0~l0 0m 



i 
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A/cm'-C'l 5~3 Oi^-rBl/J^iiL'TV^^o N i -Wi6o#^, Ml-Ni;^h7-f 
0~1 2 OmA/cm2-r'2 0~4 5 :5}'PBl;i5ji LTV^^, 

N i *:)o#>|:ffi1-o N i h^ffX'ON i *o^^fi}^{i, 4 0~6 0t:v 5~5 0 
-jgCOfeot^, N i - (2 0~5 0) %C r-a-^^fcttC r i:. A 1 zOgCT)}! 
10 -fr. 10-^Pa<DX^T. 1 2 0 0~1 3 5 0'CT-3~2 OB^^Ma-r^o -tb 

h(D^Wxi!b^^is^rjm}iM^M-t:itX\ m 6 (dTj^-Tteic^-^ y i'Ji (R e -w 
(M) -g-^S) 18?:. i~i 5 MmcDl?:$-e;(/;^^-k':^»^8 0^<^WOS 

m\^m^i-^^tt^x^6o 

15 h7'f:J'feo#^](itTJii»f3x N i J?-;/ hmXN i *o§^liS1-„ N i !7 5^ hmx* 
(Z)N i *o#^it}i. 4 0~6 0°C. 5~5 OmA/cm^-C*5~l 2 0^Fs^;5^a 
V\ !7y hlSt^i-SN i *o#(7)|^., 0. 0 1~5S1:%Z r "■'Sr^^^i^^iirfcN i 
17 5/ h?g<^ffiV>-C^>^<s r.<^^^, f^xli-r^A l*£i{c^S{C*3V>T. Zr (Zr 

OCI2, ZrCl4, Y, YCla^'jri:') ^^-g- t^j: < <t: t>Mv\ 

20 ^(D^. A 1 +A 1 2O3 + NH4C 1 +Z r^^i^^cf', 1 0 P a «>^3&T. 
8 0 0~1 10 O'CT'l 0^M--5mm(OA 1 iAfC^S^rtT 5o A 1 +A 1 2O3 

+NH4C 1 m^nM(DMit. m&ktx\ a 1 2O3/A 1 i)^isi±. nh^c 1 1 
z r it±i^(D 0 . 1 ~ 5 % ii-5o "9 ic^m^nmn. m^i-^A r ) 

*a!a<t: tTt>^<> ^fz. ZT(D^t>^{ZZTOC\ 2. ZrCl4, Y, YC 1 3 
25 /j:i'«rffl^^Tt>av\ 

iii±<7>iiai^M^:i<i:X% meioi^l-. TO/^yir® (Re-w (M) -^^m) 

1 8 <hN i - A 1 (X) (X = Z r . Y, Si) JJ^b^.t5t£«5cgM'a'^® 
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:ii:t^x'^^o z(D='-'r-( '^^m<D^mc, in-^mi^it^x^x. m7iZ7^i-x 

5 ic. /^::^;^7 M.'ii^(D0^(om^a 9 6 ^^jiij^filc-f 9 2 &t>*jSt6 9 4 w^® 

m.y< v-YM (Re -w (M) ^^1) 1 8 tmmF^-^^M 20 1 ^^-r 

fi, 3<-X^:^^M^aS^U 1 0 0~1 2 0 O'ClCigbTt). 1 00 0B#rBm± 

15 m^(r>^bK. ^2Z\z.7rtii7^^—\^y%%^o'^m2A.\z.7f^-t1)7.^—^y 

jli|gtCj:Stiffiji-®Hi-5i!^S^M«-^$n5o HI 2 2 AS.I>* 2 2 B tCTj^ 

■t;{f;^iJ'-t'>'M^8 4(4. ?^i|l^^^^iai-fci?). «8 6 i:«8 8^W-r5 

20 Hfi^ijgJc: L-C*5 13 . 5:vMcM!^j:'3^ofe(^1^8 6ro^j^ffi.»:^ti8 8C»i^Jiffi(:: 

mmm^^-t iiW^^^ y irii 1 8 (7;>r^t^jis# 1 o&i>'i£«fcgM-^t&® 2 0 

25 i:<^^^t4^J;<-r'5£^^^^fc'5o ;iw-ef4. NiS^^^ (Ni-6%Cr-5 
%A 1 -6%W-9%Co-6%T a-3%Re) i;l(Z);tf;^ ^-t'^ilj^S O'^JI 
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;0^'5^> N i h7-i'^Ji)o#;Sr> l 0 0~5 0 OmA/c m^c^HlJfE^g^ 

5 T*0. 5~5^rBmJSU ^<^^> Re-N i *o#^3ijBl-, Re-N i 

O4~^0. 02~1. Omo 1/Lx N i SO4?r0. 02~1. Omol/L, 
iJ'J^^^^^O. 04~2. Omol/L, p HlrT^'^^TTKT'e ~ 8 Jlp^) lr 
fflV\ 4 0~6 0°C. 2 0~1 5 OmA/cm2-C'2 0~4 O^FbIOR e -N i 

10 ^«6o#^J£1-o r<0*otl-J;oT2 5~4 0i[^^^%<DReSr'^Wtfc:Re-N 
i-a-ik-S)K«fi5c^tL6o ^2lC, {iiL(DRe-N (^J;i{l\ ReO^'i^O. 0 
2~0. 2mo 1 /L, N i SO4Sr0. 0 2~0. 2 m o 1 /L, C r C 1 3=!: 0 . 
1~0. 5mo 1 /L. iJ'Ji^iJ^^O. 1~0. 5mo 1 /L. -try ^'^O. 5~ 
1. 5mol/L. pH<l:MT'2~4t::|^^) 40~60t:. 20~1 

15 5 0mA/cm2-C'2 0~4 0:J>Fh1(^R e -N i i?>o#<l:](iSi-„ 

T 6 5~ 9 01^-?-%(Z)R e ^-^WUifcR e - N i -a-^^lii^i^Ji^^^ixSo 

2mpg<7)Re-N ifto#^, fl«BE(^^i^TO i ;^ h 7 ^5' 4?) o # SrJS U 
■Sf^x 5 0~8 0*'Cs 2 0~1 5 OmA/cm^-Cl 0~6 05)-Fh1<^N i -W*o 
t^Jg-To N i -Wfto#{4±IE3llii£^!)i:i^CN i -W•a•^4^)•Q#|&<S^fflV^S i:^ 
20 V\ -eo^x fft>\ N i h7'l'^*o#^SrHilE<^^#-eli1-, ^(^^<D*o§^ 

— igCO*o#^, N i - (2 0~5 0) %C r-^t^^fcliC r i:. A 1 aOaOjg 
•ti:, 1 O-'P a(Z)K^T. 1 2 0 0~1 3 5 0'C-r'l~2 OD^FW^ai-^o 

25 m^^--fflv^/t■g•^'^■^c2 o%i^±c)c r ^^-tw-rsm-^n. n i - (2 o~5 

0) %C r^^^fcfiC r i:, A 1 203(^iS-a'i^7fe4^(-;«/;^^-t:'yii)||8 O^c^ 
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t>'N i !7 >;/ h^'t'T'tDN i *o#iS:JlLfc'#> A 1 ^^{nm^MiTo ^ y 

0. 0 1~5S1:%Z r ^ + ^^fi?$-&fcN i ^<^;gv^T'tJ^<. ^CO^^fl. 

M-fSA mt^:toS^C*5V^T. /N°iyi?i|!»*'^'(c:Z r (ZrOClj. Z r C 1 4, 

5 Y, YC 1 a^J^i:*) ^M-a-L^j:< irfcav^o 

AlfctiC^gKi. A 1 +A 1 2O3 + NH4C 1 +Z r^-a-|&*'t'> 10-'Pa(D 
S^T^ 8 0 0~1 1 0 0"CT'l 0^FB^~5B#Ft,1t-r'5o AI+AI2O3 + NH4 
C 1 M^i^*CD«{i, fim-e. A 1 2© 3/ A 1 1 Ui±, NH4 C 1 t Z r {1 

10 iLX'ba<> *fc. Z r ro^tpiJlwZ rOC 1 2, Z r C 1 4, Y, YC 1 gj'jii' 
^^Uirji (Re-W (M) -g*^®) 1 8, W<^^S!c$-iirfc:W:9-ifeii3 2, ^OT i 

-Ai (X) (x=zr, Y, s i) ii^ii>ti^mmMm'^^m 2 0 ^^ir 

-e(DRe«M (2 5~4 OJ!li^%) T'^'J. ^2fOR e -N i -^^i?)'pfe(^ 
R e«ii^ (6 5~9 OJ!Ii^%) T'fcSwi:, M^-N i -W-a-^«6o#(DW;6S<& 

20 t£iS:?Iigffi-a-":^Ji 2 0 \zm^ LfcN i -W®H, Vftm^ UfcN i ti N i /6S 

><y ir^ 1 8 i:t£Migffl^^®2 0 i:(D#SnW^5>fc®3 2^-eiL-etiW-r5. 

1~2 0 MmOR ei|&i^^flsait-Cl 0 ~ 8 0 "/o^fC^-arfcR e ^^tfe® 3 0 Srife 

M^-^ y -t® 1 8 i: <75Fb1{c:, jKl^;^^ 0 . 1 ~ 2 0 ;x m(DW^^^f$: 



* 
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tbT' 1 0 ~ 8 0 $ "^tzW^nm 3 2 ^MtSc/-^ y ^r® 1 8 <!: fcticgM-a^^ 
12 0 i:0^^i::> l ~l 0 0 Mm(^/?$T'-tn-eixt^A1-S;i i:;5^T-#. :Lti\zX 

5 ^fciSr W U ^mW±^J: if<^TO;'3k J; 19 mm b^-fv ^ttK^Wi" S R e -W^ife 
«=>-7^^>^) MLT. 1211 0H:T^i-J:5t-s •fe7s/5:^;<Ji24<^i 00 

10 ~4 0 0 /i mcont^Ti^/ijc-r-s r ,t:T% «j: t) hMimm^m^x'^. mmj^ 

0 0 ~ 1 2 0 o'cfcjg txtv 10 0 onm^M.'^^m-^Mt'^m^^^n-rs is 
15 (5) m:fs^^'^m.m. m^mmwm. ■^M\^^m.mm 

1 0 0;5^b«$tL. M^^y Xyui 0 2t^h^m^^^^%^m LXy< 
20 — :^- 10 4 xmrn. ^"tfzm-^:^ ^> tK?^ v^-^- >5r 5/ M 0 5 X'-aiS $ tifc^CT l 

25 ^S:(t-5^tett355fc5„ ^yh. Ill2 8(c^-t-s :l^lii 1 Ot::8i!3{^tj-^tLT. 

Si 1 o(Dp^U(o^u\m^\.x^-^^mir^mmmmnmm.'^:^Mt^^<D^<> 

— ?--i 12-^, la 2 9 ^^lii 1 A(Op^U\^WM-^M1^nMi \G<Dm 

m^^^x^mw^i 1 6^{5^sii-5i5^sii=i 1 sfs:E\-t. m^m\Lm'k 
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:irTi4. N i S-a-^ (N i -2 2%C r - 1 9%F e-9%Mo-0. 1%C) 

. <;'^b•:^^y!^i^^^K4^^-3 0~12 0MIS^tLT^ffit^^Stt^b$it. t^O^S^. 
KC 1 -N a C 1 ei&<i:W^<Sr^iWU 7 0 0~ 1 0 0 O^CT'^^iUJi^ 

N i C 1 2-A 1 C 1 3-Na C 1 - Z r C 1 ^IhWMM.'^^ 2 0 0~8 0 0°CT*^ 
iltifei6-p^<^m\ N i -A 1. (X) (X = Z r , Y) 1 0 6^(D 

20 ^■r':J^:|5(&(75liii'V^v\ laetc^-r. ra^^Ui'/i (Re-W (M) ^^ii) ist 

Ni-Al (X) (X = Zr, Y) d^b^^ SMUM^^® 2 0 ^^rl"^ 

^^v^^^&Pt^^if^tCjgffi-tSirx ^-T^^V-^^SM^OU 1 0 0~1 2 0 0°Cl^ 
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(6) ^ - f >gl5M> v=:f;/ h^iyv?:/* 

1112 2 A2^t>*2 2 b(c^1-;</;^i5'-t':/M^8 4, HI 2 3 {iTj^-t;^;^ 

ii^h^o :iwX'fi, CoS^ife;^X7'l' h 2 5 0 (Co-3 0%C r - l 0%F e) 

mTUit^. 5~3 0MmOl¥$Re-W^^^. P VDT'=-r :/i>'t-So 

HI-. R e -W-g'^(DSSi::T/u5-^-iX3 y hT'y^ h^JStT:^^??. CoNiC 
rAlY^^fe^. |?!|x.(i3 0~4 0 0;im(?3l*$T';^l+1-5o 

20 Ji^±lC J: 19 , la 1 1 ^C^-r^ *2:ife^-^iJ i'^ (R e -W (M) ^^W) 1 8 i: C o 

4^<DW^®t-«i"^-i'5^'^*^^» #ia^M-dsi 2 o or 

*|^fi. Ell 2^::7J^■tJ:p^-^ Z r Oz^-fe^ 5 5/:J':^M^ 

25 r^^'i/) «L-C. ■fe7 5/S:i:^;^^2 4^1 0 0~4 0 0 /xm(^l?$ 

(7) j^igt)M^S»^tfe^y x> 
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/uomm^m 3 0 i^f^-to :L<Dmom 3 0 tc^-rm^/ xvi^ 1 2 0 fi> [^mcm^ 

^{^ 1 0~5 0 Mm(^/¥$Re -W-^^Sr> i^M&T's— r ^ y^f-^o R 
^{b^^^r^J-it^-BrfcCoN i C r A 1 Y^^^, #ijx.tt*3 0~4 0 0 Mni(Dl?$X' 

15 )^M.X\ m \ Z\Z.7f^-t. ^WLy<^)\m (Re-W (M) ^^@) 1 8<>;. W^<k 
2|^*fc«C r;^{b'^3 6^£::5^fc$ii:fc. C oN i C r A 1 Y^i^fe;5^bi^.e 
3 8 i ^-i/g fc^y 1 2 0 ^(7>TO(D^ffi{w?^^-r5 w 



wo 200S/068685 PCT/JP2005/000734 

38 



